Objective-The objective of the present study was to investigate the association between large and small low-density lipoprotein (LDL) and long-term ischemic heart disease (IHD) risk in men of the Québec Cardiovascular Study. Methods and Results-Cholesterol levels in the large and small LDL subfractions (termed LDL-C Ն260Å and LDL-C Ͻ255Å , respectively) were estimated from polyacrylamide gradient gel electrophoresis of whole plasma in the cohort of 2072 men of the population-based Québec Cardiovascular Study. All men were free of IHD at the baseline examination and followed-up for a period of 13 years, during which 262 first IHD events (coronary death, nonfatal myocardial infarction, and unstable angina pectoris) were recorded. Our study confirmed the strong and independent association between LDL-C Ͻ255Å levels as a proxy of the small dense LDL phenotype and the risk of IHD in men, particularly over the first 7 years of follow-up. However, elevated LDL-C Ն260Å levels (third versus first tertile) were not associated with an increased risk of IHD over the 13-year follow-up (RRϭ0.76; Pϭ0.07). Conclusions-These results indicated that estimated cholesterol levels in the large LDL subfraction were not associated with an increased risk of IHD in men and that the cardiovascular risk attributable to variations in the LDL size phenotype was largely related to markers of a preferential accumulation of small dense LDL particles. Key Words: low-density lipoprotein particle size Ⅲ low-density lipoprotein cholesterol Ⅲ ischemic heart disease Ⅲ risk A lthough increased plasma low-density lipoprotein (LDL) cholesterol (LDL-C) concentration is considered one of the most important risk factors for ischemic heart disease (IHD), many individuals in whom IHD develops have LDL-C levels in the normal range. 1 This observation challenges the traditional approach of using LDL-C concentrations as the main lipid target in the management of IHD risk. 2
A lthough increased plasma low-density lipoprotein (LDL) cholesterol (LDL-C) concentration is considered one of the most important risk factors for ischemic heart disease (IHD), many individuals in whom IHD develops have LDL-C levels in the normal range. 1 This observation challenges the traditional approach of using LDL-C concentrations as the main lipid target in the management of IHD risk. 2 
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Small dense LDL particles have been associated with an increased IHD risk in several retrospective case-control studies 3, 4 and in most prospective studies with relatively short periods of follow-up. 5, 6 Using 5-year prospective data from the Québec Cardiovascular Study, we have previously shown that men with an elevated proportion of LDL with a diameter Ͻ255Å (termed LDL % Ͻ255Å ) had a 6-fold increased risk of IHD compared with men with relatively normal LDL % Ͻ255Å levels. 7 It must be stressed that the association between the small dense LDL phenotype and incident IHD has not been entirely consistent, 8 -10 with studies suggesting that larger LDL particles may in fact be associated with an increased cardiovascular risk. 8, 10 These conflicting observations have fueled the current debate as to which subclass of LDL (small or larger) is most predictive of an increased risk of IHD. The association between the small dense LDL phenotype and incident IHD over periods of follow-up Ͼ10 years also remains unknown. All previous prospective studies on this topic were either case-control in design or were conducted using a follow-up Ͻ5 years. 7 The principal objective of the present study therefore was to investigate the long-term risk of IHD associated with large LDL and small LDL using extended 13-year follow-up data in men from the Québec Cardiovascular Study.
Methods

Study Population and Follow-Up
The study population and follow-up methods have been described previously. 7, 11 Briefly, a random sample of 4635 French Canadian men (aged 35 to 64 years), representing 65.5% of the population screened from 7 towns in the Québec City metropolitan area, were selected in 1974 for the study of cardiovascular disease risk factors. Data collected in 1985 were used as the baseline characteristics for the present prospective analyses. Among the 2552 men re-evaluated in 1985, 102 volunteers and 265 patients with a history of IHD before 1985 were excluded from the present prospective analyses. Diagnosis of diabetes was considered in men who self-reported the disease. In 1990 to 1991 and in 1998, participants were contacted by mail and invited to complete a short questionnaire, which provided information history of cardiovascular diseases and type 2 diabetes. For those who reported such diseases and those who died, hospital charts were reviewed by cardiologists of the study. Among the 2185 subjects eligible for follow-up, only 8 subjects (0.4%) were lost to follow-up. Among the remaining 2177 men, plasma was no longer available in 59 subjects and LDL-C levels could not be calculated in 46 participants because triglyceride levels were Ͼ4.5 mmol/L. Thus, analyses were conducted in a cohort of 2072 men. Only 5.7% and 2.9% of men were using ␤-blockers and diuretics, respectively, at the 1985 baseline evaluation. The risk of IHD in men using either medication was similar. Medication used at baseline was therefore categorized as a single variable representing the use (versus nonuse) of ␤-blockers and/or diuretics. Only 1.9% of men were using hypolipidemic medication in 1985, mainly clofibrate and cholestyramine, and this variable was not associated with variation in IHD risk. It was therefore not included in the analyses. It must be stressed that multivariate modeling of IHD risk including all 3 medications as a single entity or as a combined variable produced similar results.
Definition of IHD Events
First IHD events, which included unstable angina (typical symptoms with new ischemic electrocardiogram changes), coronary death, and nonfatal myocardial infarction, were diagnosed as detailed previously. 11 A total of 262 first cases of IHD were recorded over the 13-year follow-up: 162 first cases of nonfatal myocardial infarction, 50 first cases of unstable angina pectoris, and 50 fatal coronary events.
Laboratory Analyses
Twelve-hour fasting blood samples were obtained at the 1985 baseline evaluation and immediately used for lipid and apolipoprotein measurements. Methods used to determine plasma lipid and apolipoprotein levels and insulin and C-reactive protein concentrations have been detailed in previous publications. 7, 12, 13 Nondenaturing 2% to 16% polyacrylamide gradient gel electrophoresis was used to characterize LDL particle size as described previously using plasma stored at Ϫ80°C. 7 In the present analyses, we have characterized LDL particles using different measures: (1) LDL peak particle size, which corresponded to the estimated diameter of the major peak in each individual; (2) the relative proportion of LDL particles having a diameter Ͻ255Å or Ն260Å (termed LDL% Ͻ255Å and LDL % Ն260Å , respectively), which was ascertained by computing the relative area of the densitometric scan on the gel using 2 arbitrary cut points (255Å or 260Å) as previously described; 7 and (3) the cholesterol in small and large LDL subfractions (arbitrarily termed LDL-C Ͻ255Å and LDL-C Ն260Å , respectively), which were estimated by multiplying the total plasma LDL cholesterol levels by the relative proportion of small (LDL % Ͻ255Å ) and large LDL (LDL % Ն260Å ). 7 
Statistical Analyses
Mean baseline characteristics of incident IHD cases and of IHD-free men during follow-up were compared by Student t test for parametric HDL indicates high-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; LDL, lowdensity lipoprotein; LDL % Ͻ255Å , proportion of total LDL with a diameter Ͻ255Å; LDL % 255-260Å , proportion of total LDL with a diameter between 255 and 260Å; LDL % Ն260Å , proportion of total LDL with a diameter Ն260Å; LDL-C Ͻ255Å , estimated cholesterol concentration within the LDL subfraction Ͻ255Å; LDL-C 255-260Å , estimated cholesterol concentration within the LDL subfraction 255-260Å; LDL-C Ն260Å , estimated cholesterol concentration within the LDL subfraction Ն260Å.
Values are meanϮSD. Plasma triglyceride levels are presented as geometric mean.
Smokers are men who smoke Ն20 cigarettes/day.
variables and by the Wilcoxon test for nonparametric variables.
Differences in frequency data were tested by 2 analysis. The nonlipid and lipid risk variables in men classified in different tertiles of LDL-C Ն260Å or LDL-C Ͻ255Å levels were compared using a general linear model with the Tukey post-hoc test to locate subgroup differences. Duration of follow-up was calculated in person-years by using the follow-up of each participant from the 1985 baseline evaluation until death, onset of IHD, or the last contact. KaplanMeier survival probability (estimated probability of not having IHD during follow-up) was computed for tertiles of each variable. The log-rank test was used to compare parallelism of survival curves among the tertiles of LDL size variables. Cox proportional hazards models were used to estimate rates of IHD events. For all Cox models, the proportional hazards assumptions were formally tested. Age, body mass index, systolic blood pressure, type 2 diabetes (presence versus absence), smoking habits (smokers of Ͼ20 cigarettes/d versus others), medication use (versus nonuse) at baseline, plasma log-transformed triglyceride levels, and the high-density lipoprotein (HDL) cholesterol were included as potential confounders. Statistical analyses were performed on SAS (SAS Institute, Cary, NC).
Results
Participants in whom a first IHD event developed during the 13-year follow-up compared with IHD-free men were older and had a deteriorated risk profile (Table 1) , including a greater proportion of small LDL particles and higher levels of LDL-C Ͻ255Å . However, there were no statistically significant difference in LDL peak particle size and in LDL-C Ն260Å levels between incident IHD cases and IHD-free individuals.
As shown in Table 2 , individuals with increased LDL-C Ն260Å levels (third tertile) had higher plasma HDL cholesterol levels (ϩ16.8%; PϽ0.001), reduced plasma triglyceride (Ϫ26.3%; PϽ0.001), and fasting insulin levels (Ϫ12.9%; PϽ0.001), and a lower proportion of LDL with a diameter Ͻ255Å (Ϫ35.8%; PϽ0.001) compared with men with reduced LDL-C Ն260Å concentrations (first tertile). However, subjects with elevated LDL-C Ն260Å levels had significantly higher LDL cholesterol and apolipoprotein B concentrations (ϩ22.9% and ϩ7.0%, respectively; PϽ0.001) compared with individuals with low LDL-C Ն260Å concentrations. Inversely and as expected, individuals with elevated LDL-C Ͻ255Å levels (third versus first tertile) had a higher body mass index, elevated plasma triglyceride, and insulin levels, lower HDL cholesterol concentrations, smaller LDL particles (Table 3) . Figure 1 depicts the Kaplan-Meier survival curves among each tertile of LDL-C Ն260Å levels (top). The survival probabilities in men of the third tertile of LDL-C Ն260Å versus tertiles 1 and 2 dissociated rapidly over the first 6 years of follow-up, after which they became virtually parallel until the end of follow-up. However, the apparently reduced 13-year risk of IHD in men with elevated LDL-C Ն260Å levels (third versus other 2 tertiles) did not reach statistical significance (Pϭ0.09). Men with elevated LDL-C Ͻ255Å levels were at increased risk for IHD (log-rank test PϽ0.001). However, the assumption of hazard proportionality for LDL-C Ͻ255Å levels was not respected, as evidenced by a significant interaction with follow-up duration in modulating the 13-year risk of IHD (PϽ0.001). Even though the interaction between LDL-C Ն260Å levels and follow-up did not reach statistical significance (Pϭ0.17), subsequent multivariate survival analyses were undertaken by arbitrarily stratifying the data using the median follow-up duration among incident IHD cases (7.3 years). This approach allowed us to test the temporal relationship between variations in plasma LDL-C Ͻ255Å levels and IHD risk and also allowed for a standardized comparison of the IHD risk associated with elevated LDL-C Ͻ255Å and LDL-C Ն260Å levels. Arbitrarily stratifying the follow-up data at 5 or 9 years yielded essentially similar results (not shown). As shown in Figure 2 , elevated plasma LDL-C Ն260Å levels (third versus first tertile) were associated with a significant 50% reduction in the risk of IHD when considering the first 7.3 years of follow-up, which remained significant after multivariate adjustment for nonlipid (RRϭ0.59; Pϭ0.03), as well as for nonlipid and lipid risk factors (RRϭ0.52; Pϭ0.009). Inversely, men with elevated LDL-C Ͻ255Å levels (third versus first tertile) were at greater risk of IHD over the first 7.3 years of follow-up. Adjustment for nonlipid (RRϭ3.4; PϽ0.001) and nonlipid and lipid risk variables (RRϭ2.5; PϽ0.001) did not materially modify this association. When considering a follow-up Ն7.3 years, the variation in the risk of IHD associated with elevated LDL-C Ն260Å or LDL-C Ͻ255Å levels was no longer observed in both univariate or multivariate analyses.
Elevated plasma apoB levels (third versus first tertile) predicted an increased multivariate risk of IHD over the short-term as well as long-term follow-up period (RRϭ2.4; 95% CI, 1.5 to 3.8; and RRϭ1.6; 95% CI, 1.0 to 2.5, respectively, not shown). The correlation between plasma apoB concentrations and LDL-C Ͻ255Å and LDL-C Ͼ260Å levels were rϭ0.52 and rϭ0.11 (PϽ0.001), respectively. The combined impact of concomitant variations in LDL-C Ͻ255Å and of apoB levels on the short-term risk of future IHD events is shown in Figure 3 . The short-term IHD risk in men with apoB Ͻ116 mg/dL (median of cohort) was significantly increased in men with elevated LDL-C Ͻ255Å concentrations (RRϭ2.1; Pϭ0.02). High levels of apoB were also associated with an increased risk of IHD in men with relatively low levels of LDL-C Ͻ255Å (RRϭ1.9; Pϭ0.04). However, the combination of small LDL and high apoB levels was associated with the highest short-term risk of IHD (RRϭ3.1; PϽ0.001). Data in Figure 3 (right) also suggest that increased levels of large LDL, by being associated with a globally more favorable risk profile, attenuated the increased risk attributable to elevated plasma apoB levels.
Discussion
These data first suggest that the increased short-term IHD risk attributable to a preferential accumulation of small dense LDL (LDL-C Ͻ255Å ) may be attenuated over a long-term period. These data also suggested no evidence of an increased risk of IHD attributed to elevated cholesterol concentrations in large LDL particles. In fact, men with elevated cholesterol levels within large LDL subfraction had a generally more favorable cardiovascular risk profile compared with individuals with low levels of LDL-C Ն260Å , and had a 50% lower IHD risk over the first 7 years of follow-up.
Small LDL and IHD Risk
Several prospective case-control or population-based studies conducted over relatively short periods of follow-up have indicated that small dense LDL particles were associated with an increased risk of IHD. 6, 14 In many of these studies, however, the association between various features of the small dense LDL phenotype and the risk of IHD was attenuated after multivariate adjustment for other lipid risk factors such as plasma triglyceride or HDL cholesterol levels. 14 -16 Previous nested case-control studies, even those with a longer follow-up, could not by design investigate the impact of follow-up duration on the relationship between LDL particle size phenotype and IHD risk. This would have been possible only if incident IHD cases had been matched with controls for time to event, which was apparently not the case in those studies. The Québec Cardiovascular study also remains to date the only study in which LDL particle size phenotype was measured in its entire cohort and not only in a case-control subsample of participants. We did not have an a priori hypothesis that the association between small LDL and long-term IHD risk would be modulated by duration of follow-up. However, the significant interaction between LDL-C Ͻ255Å levels and follow-up duration (PϽ0.001) suggested that the impact of this risk factor on IHD risk was not consistent across the range of follow-up. Stratification of follow-up was therefore justified and used to overcome this statistical issue. Data revealed that the strong and independent short-term association between LDL-C Ͻ255Å levels and IHD risk was attenuated over a longer-term follow-up (Ն7.3 years).
We hypothesize that this time-dependent relationship between features of the LDL size phenotype and IHD risk may be attributed to a survival effect, according to which a majority of men with the atherogenic small dense LDL phenotype and the metabolic syndrome may have had an early IHD event, thus leaving participants with a more favorable LDL size phenotype but a nonetheless high risk profile to be susceptible to having IHD over a longer period of time. Concordant with this hypothesis, we found that patients in whom IHD events were recorded within the first 7 years of follow-up had features of the small dense LDL phenotype, whereas individuals who had IHD after the first 7 years of follow-up did not (data not shown). Mykkanen et al 17 have previously shown using a nested-case control study design that LDL size was not a predictor of coronary artery disease risk in elderly white subjects aged 65 to 74 years, an observation that is consistent with a potential survival bias Figure 2 . Comparison of the multivariate relative risk (RR) of ischemic heart disease associated with plasma LDL-C Ն260Å or LDL-C Ͻ255Å levels in men after stratification for duration of follow-up. The RR of IHD in each tertile (T) of LDL-C Ն260Å or LDL-C Ͻ255Å levels were computed using men in the first tertile as a reference group (RRϭ1.0). Black circles represent the unadjusted RR. Gray squares represent RR after adjustment for nonlipid risk factors: age, body mass index, systolic blood pressure, diabetes, smoking, and medication use at baseline. White diamonds represent RR after adjustment for nonlipid and lipid risk factors: HDL cholesterol, log-transformed triglycerides, and apolipoprotein B. effect modulating the risk attributed to the small dense LDL phenotype over different periods of time.
Large LDL and IHD Risk
Individuals with increased LDL-C Ն260Å concentrations were characterized by lower plasma triglyceride and insulin levels, lower body mass index, and higher plasma HDL cholesterol concentrations compared with participants with lower LDL-C Ն260Å levels. They were also at lower risk for IHD. However, men with elevated LDL-C Ն260Å concentrations had concurrent elevations in plasma LDL cholesterol and apolipoprotein B levels, which may have contributed to modulate their longterm risk of IHD by promoting atherosclerosis over a prolonged period of time. One limitation of the present study is that LDL size phenotype and other components of the cardiovascular risk profile were measured only at baseline. Thus, we cannot exclude the possibility that the apparently favorable cardiovascular risk profile of individuals with elevated LDL-C Ն260Å at baseline may have deteriorated over time, thereby contributing to the disappearance of the apparent short-term cardioprotection associated with having increased LDL-C Ն260Å levels. The extent to which statin use may have confounded the assessment of risk in men with elevated LDL-C Ն260Å levels remains unknown because data on statin therapy at time of last contact were not available.
These data are at variance with some previous reports on this topic. Campos et al have shown that LDL particle size distribution characterized by a predominance of the largest of 3 LDL subclasses (Ͼ268Å) was more prevalent among men and women with coronary artery disease (43%) than among control subjects (25%). 8 It must be stressed that this study was retrospective in design and excluded individuals with triglyceride levels Ͼ250 mg/dL, thus resulting in a very low prevalence of the small dense LDL phenotype. Campos et al 10 also recently reported that survivors of myocardial infarction with large LDL (mean 266Å) in the CARE study had a 4-fold increased risk of coronary artery disease compared with myocardial infarction survivors having a reduced LDL size (mean 245Å). Surprisingly, and consistent with our own data, patients in the highest quintiles of the LDL size distribution (with large LDL) had a less deteriorated risk profile as evidenced by lower body mass index, lower plasma triglyceride and total cholesterol levels, and higher HDL cholesterol concentrations compared with patients in the lower portion of the LDL size distribution. 10 These characteristics among men with large LDL particles are usually not associated with a higher risk of IHD. We suspect that the association between large LDL and IHD reported by the CARE investigators may be largely explained by the fact that this was a secondary prevention study with a potential survival effect bias distorting the relationship between LDL size phenotype and IHD risk. The fact that patients in CARE were purposefully selected on the basis of having low LDL-C levels may also have contributed to their discordant observations compared with a majority of studies that have emphasized the strong association between small dense LDL and the risk of IHD.
LDL Particle Number and IHD Risk
Our results further indicated that LDL particle number, as approximately estimated by total plasma apoB concentrations, is also an important correlate of IHD risk. Plasma apoB levels were an independent risk factor for IHD in multivariate analyses, even after taking into account variables related to the LDL size phenotype. Data also indicated that plasma apoB levels modified the short-term risk of IHD attributable to the small dense LDL phenotype, as characterized by elevated levels of LDL-C Ͻ255Å . These results suggest that information on both LDL size and LDL particle number may be of important value in projecting a more accurate view of a patient's risk of IHD over a given period of time.
In conclusion, our results support the notion that the small dense LDL phenotype confers an increased risk of IHD, particularly over a short period of follow-up, and that levels of large LDL are not associated with an increased risk of IHD in men. This does not imply that large LDL particles enriched in cholesteryl esters are not atherogenic as they have in fact been shown to be. 18, 19 We rather propose that the strong association between elevated LDL-C Ն260Å levels and the presence of other cardioprotective aspects of the risk profile, rather than elevated LDL-C Ն260Å per se, may contribute to explain this apparent reduction in the risk of IHD. Our data further support the concept that total LDL cholesterol levels is only a crude marker of the overall atherogenicity of LDL because different LDL subclasses show very different associations with the risk of IHD.
